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Abstract
Introduction: To evaluate the impact of compliance with a core version of the Surviving Sepsis Campaign 6-hour 
bundle on 28 days mortality.
Methods: Cohort, multi-centre, prospective study on community-acquired sepsis (CAS).
Results: Seventeen intensive care units (ICU) entered the study. Over a one year period, 4,142 patients were enrolled in 
the study. Of the 897 (24%) admitted with CAS, 778 (87%) had severe sepsis or septic shock on ICU admission. In the 
first six hours of hospital admission: (1) 62% had serum lactate measured; (2) 69% fluids administered; (3) 77% 
specimens collected for microbiology before antibiotic administration; (4) 48% blood cultures obtained; (5) 52% 
antibiotics administered within the first hour of the diagnosis; (6) vasopressors were given in 78%; (7) 56% had central 
venous measurement (CVP) measurement; (8) 17% had a central venous oxygen saturation (ScvO2) measurement; (9) 
dobutamine was administered in 52%. Compliance with all actions 1 to 6 (core bundle) was associated with an odds 
ratio (OR) of 0.44 [95% confidence interval (CI) = 0.24-0.80] in severe sepsis and 0.49 (95% CI = 0.25-0.95) in septic shock, 
for 28 days mortality. This corresponded to a number needed to treat of 6 patients to save one life.
Conclusions: Compliance with this core bundle was associated with a significant reduction in the 28 days mortality. 
Urgent action should be taken in order to ensure that early sepsis diagnosis is followed by full completion of this "core 
bundle" followed by activation of expertise help in severe sepsis.
Introduction
Despite great advances in our understanding of its
pathophysiology, sepsis remains a major reason for hospi-
tal and ICU admission [1,2], associated with high mor-
bidity, hospital resource use and mortality.
The escalating prevalence of severe sepsis and septic
shock, combined with the devastating mortality, inspired
the creation of an international effort to address the
global consequences. The main goals of the Surviving
Sepsis Campaign (SSC) are to increase awareness of sep-
sis among clinicians and the public, to develop guidelines
for the management of severe sepsis and to foster a
change in the management of septic patients with the aim
of obtaining a 25% reduction in mortality over 5 years [3-
5].
The implementation process of the SSC guidelines has
gone through a process of 'bundle' definition. A bundle is
a group of interventions related to a disease process, that
when executed together, produce better outcomes than
when implemented individually [6].
The six-hour bundle, called the resuscitation bundle,
focuses on early identification, early goal-directed ther-
apy and early antibiotics and cultures. These interven-
tions should be available to all doctors working with
severely ill patients and should be widely disseminated.
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drotrecogin alfa per hospital guidelines, steroids in
refractory septic shock, intensive glucose control and
lung protective ventilation strategies. Aside from the fact
that these were mainly reserved for use by intensive care
physicians the clinical impact of the first three interven-
tions is still controversial [7-9].
Along with the development of this campaign, a Portu-
guese network of ICUs was created in 2004. Designated
as the study group, the network enrolled a large number
of units from the north to south of Portugal representing
41% of all ICU beds. This is the largest and most detailed
study on community-acquired sepsis (CAS) ever per-
formed in Portugal. The SACiUCI study group objectives
are to evaluate the epidemiology of CAS in patients who
are admitted in Portuguese ICUs, to assess the level of
compliance with the SSC guidelines recommendations
and help improve adherence to these recommendations.
Part of the data of the SACiUCI study, regarding the
influence of vasopressor agent in septic shock mortality
[10] has already been published. The present analysis was
performed to describe compliance with the SSC six-hour
bundle and its impact in severe sepsis mortality.
Materials and methods
Study design
The SACiUCI study was a prospective, cohort, multi-
centred study, conducted over one year (1 December,
2004 to 30 November, 2005) in 17 Portuguese ICUs. The
ICU participation was by direct invitation/acceptance
with no financial reward.
National and Hospital Research and Ethics Committee
approved the study design and informed consent was
waived due to its observational nature without any devia-
tion from the current medical practice.
All adult patients (age ≥ 18 years) consecutively admit-
ted in the participating ICUs were enrolled and screened
for CAS. Patients were then followed up until death or
hospital discharge.
Definitions
Infection was defined as a pathologic process caused by
the invasion of normal sterile tissue, fluid or body cavity
by a pathogenic or potentially pathogenic microorganism
(not believed to be a contaminant) and/or clinically sus-
pected infection plus the prescription of antimicrobial
therapy [11]. Community-acquired infection was defined
as the onset of infection before hospital admission or not
present at admission becoming evident in the first 48
hours [12]. Sepsis and sepsis-related conditions were
defined according to the criteria proposed by the Ameri-
can College of Chest Physicians/Society of Critical Care
Medicine [13]. For the analysis of compliance with the
SSC bundles, only patients with severe sepsis on ICU
admission were included, because time zero was defined
as hospital arrival time.
The presence of underlying disease was recorded. Met-
astatic cancer, haematological malignancy and AIDS
using Simplified Acute Physiological Score (SAPS) II defi-
nitions [14]; cirrhosis, chronic heart failure, chronic pul-
monary failure using Acute Physiology and Chronic
Health Evaluation II definitions [15]. Chronic renal fail-
ure if there was need of chronic renal support or history
of chronic renal insufficiency with a serum creatinine
level over 2 mg/dl); HIV status (without complications
defining AIDS); haematological disease including chronic
neutropenia (≥ 3 months) or ≤ 1000 PN/dL; immuno-
compromised state was defined by either administration
in the 12 months prior to ICU admission of chemother-
apy, radiation therapy or the equivalent to 0.2 mg/Kg/day
prednisolone for at least three months or 1 mg/Kg/day
for a week within in the three months prior to ICU
admission.
Data collection and management
Data were collected prospectively using pre-printed case
report forms, using a specific database software, or on
line through the study web page. Training on data collec-
tion, including clarification of the SSC recommendations
and bundles, was organised in three regional educational
sessions: north, centre and south Portugal; all the respon-
sible investigators were invited.
All data were collected using a web-based application
developed by the Department of Biostatistics and Medi-
cal Informatics (Serviço de Biostatística e Informática
Médica), Medical School, Unversity of Porto. Detailed
instructions concerning the aims of the study and data
collection were given to all participating centres and were
also available at the study website [16] before starting
data collection and throughout the study period. A medi-
cal doctor was individually designed as being responsible
for data collection in each ICU. Periodically each ICU
received a report with the errors and inconsistencies in
the database and was requested to review them. The soft-
ware program was also designed to identify and reject
inconsistencies. The steering committee was easily acces-
sible to all participating investigators by phone or e-mail
to answer queries during the study.
Each case report form included 237 items. Data collec-
tion included demographic data and comorbid diseases.
The SAPS II score in the first ICU day [14] and the
Sequential Organ Failure Assessment (SOFA) score [17]
during the first five days of ICU stay were also recorded.
Microbiological and clinical infections data were
reported, along with the antibiotics prescribed, their
changes in prescription and duration of therapy.
The study was designed prior to the publication of SSC
guideline bundle definition so a slightly different version
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septic patients consisted in having within the first six
hours after hospital admission: 1) serum lactate measure-
ment; 2) 500 to 1000 ml of crystalloids or 300 to 500 ml of
colloids given over 30 minutes, and repeated as needed;
3) Other specimens (besides blood) obtained for microbi-
ology before antibiotherapy is started; 4) blood cultures
done; 5) antibiotic therapy administered within the first
hour of the diagnosis; 6) vasopressors administered dur-
ing and after fluid administration if mean arterial pres-
sure (MAP) was less than 65 mmHg.
For patients with septic shock, in the same time frame,
three additional interventions were considered: 1) central
venous pressure (CVP) measurement as part of sepsis
treatment/monitoring; 2) central venous oxygen satura-
tion (ScvO2) measurement as part of sepsis treatment/
monitoring; 3) dobutamine administered after fluids and
vasopressors, if there were signs of low cardiac output,
depending on clinical assessment.
The major differences for the SSC guideline bundle def-
inition are: achievement of the target CVP of 12 cmH20
and ScvO2 of 70% or more (in this study the registering of
specific values measured was not requested) and guide
dobutamine infusion through the ScvO2 measurement
(the need for inotropic infusion was left to the clinician's
best judgement).
A 'yes' score for each action was obtained if it was exe-
cuted in the pre-defined time frame and a 'no' score was
obtained otherwise. Bundle compliance was computed as
the proportion of actions completed for each patient.
Statistical analysis
Descriptive analyses were made of the background vari-
ables. Pearson chi-square tests were used for categorical
variables. T-tests were used to compare age and SAPS II
score between groups. The Levene's test was computed to
check the assumption of equal variances across groups.
The variable length of hospital stay was highly skewed
and a Mann-Whitney U test was used to compare differ-
ences between groups.
The core bundle compliance was divided into three cat-
egories: I) no completion (0 to 2 actions completed); II)
partially completed (3 to 5 actions completed) and III)
fully completed (all actions completed). If a patient was
not eligible for one particular action, he or she could still
be counted as having all actions completed as long as the
remaining actions were completed.
Multiple logistic regressions were used to compute the
odds ratio (OR) for each action and for the bundle com-
pliance adjusted for type of sepsis (severe sepsis or septic
shock), SAPS II, presence of comorbidities (any present
or none), type of hospital (community vs university) and
type of ICU (medical vs mixed). The covariates gender
and source of sepsis were also considered for the logistic
regression models but were not statistically significant
and therefore not included in the models. Goodness of fit
for all regressions was checked using Hosmer and Leme-
show test. All the tests accepted the goodness of fit. Sta-
tistical significance was defined as P < 0.05. The statistical
analysis was performed in SPSS®16 (SPSS Inc., Chicago,
IL, USA).
The number needed to treat (NNT) was computed
using the OR for all actions completed and the predicted
probability of death for patients with 0 to 2 actions of the
six-hour bundle completed (PD0-2), through the formula
[18].
Results
Seventeen units entered the study from the north to
south of Portugal corresponding to 41% of all national
ICU beds, according to the 2001 Registry of the National
Health Service (150 among 362 beds; Table 1). One unit,
from a hospital with no emergency department, was
excluded from further analysis because none of the septic
patients admitted over the study period was considered
to have CAS, increasing the mean incidence of CAS in
the remaining 16 units to 24% (897 patients in a total of
3811; Figure 1).
General characteristics of the patients included in the
study are shown in Table 2.
Compliance with the six-hour bundle actions was: (1)
62% for serum lactate measured; (2) 69% for fluids
administration; (3) 77% for microbiology specimen col-
lection prior to administration of antibiotics; (4) 48% for
blood cultures collection; (5) 52% for antibiotics adminis-
tration; (6) 78% for vasopressors administration; (7) 56%
for CVP measurement; (8) 17% for ScvO2 measurement;
(9) 52% for dobutamine administration. Only 12% (94 out
of 778) of the patients with severe sepsis completed
actions 1 to 6 ('core bundle')
Collecting blood cultures was the only action associ-
ated with a significant decrease in the 28-days mortality
[OR = 0.57, 95% confidence interval (CI) = 0.38 to 0.84].
When adjusted for severity of sepsis, SAPS II score, num-
ber of comorbidities, type of hospital and type of ICU, the
adjusted ORs for collecting blood cultures and giving
vasopressors were significantly protective (Table 3).
For the overall severe septic patients, the full comple-
tion of the first six actions of the bundle was associated
with a significant decrease in the 28-day mortality
(adjusted OR = 0.44; 95% CI = 0.24 to 0.80). This corre-
sponds to six patients needed to be treated to save one
life.
NNT
OR PD
OR
OR PD
= −
− ×
−
−
− × −
−
1
1 0 2 1 1 0 2( ) ( ) ( )
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the first six actions was also associated with a significant
decrease in the 28-days mortality (adjusted OR = 0.49;
95% CI = 0.25 to 0.95; Table 4) as well as partial comple-
tion of the bundle (3 to 5 actions), although not reaching
statistical significance (adjusted OR = 0.73; 95% CI = 0.51
to 1.05). Different categorisation of the groups of bundle
completion did not alter the results.
The overall 28-days mortality among severe septic
patients was 33%. This unadjusted mortality rate increase
to 34% in the group of patients that did not complete all
the first six interventions of the six-hour bundle ('core
bundle') and decreased to 25% in those who did but this
difference was not statistically significant (P = 0.099)
Patients with septic shock had an increasing number of
actions completed (Table 5), and shorter time interval to
perform them, particularly blood cultures drawn, antibi-
otics administered and ICU admission The median time
from hospital admission to ICU admission was the same
in the group of survivals and non-survivals (13 hours, P =
0.876).
Discussion
Main findings
The full completion with interventions 1 to 6 - core bun-
dle - was associated with a significant decrease in the
odds of 28-days mortality (adjusted OR = 0.44, P = 0.006).
We did not find a significant benefit of partial bundle
completion, although there was a tendency towards it.
But the main goal should really be to complete the whole
bundle gaining the synergy of the bundle elements per-
formed in unison rather than each one independently.
Only 12% of our patients fully completed the core bun-
dle, but this study started immediately after the publica-
tion of SSC recommendations and the bundles definition
[4,5]. Other studies have reported initial low compliance
following the publication of international guidelines, such
as the management of ST elevation acute myocardial
infarction or the management of stroke [19,20].
In fact, a recent study on the impact of a national edu-
cational program on the process of care for severe septic
patients [21] showed an initial improvement in compli-
ance with SSC guidelines that dropped to the initial low
compliance rates one year after the intervention. How-
Figure 1 Flow diagram of enrolled patients.
Total of ICU
admissions
n = 4202
Excluded
n=60
Studied
n = 4142
Dead in the ICU
n =757  (23 %)
Still in the ICU 
n =4 (0 %) 
Discharged from ICU
n =2 484 (77 %) 
Without community acquired sepsis
n = 3 245 (78 %)
Dead in ward 
n =284 (11 %)
Still in the ward 
n =34 (1 %)
Discharged from hospital
n =2 162 (87 %) 
Discharged from
hospital
n =2 162 (66 %)
Dead in the ICU
n =265 (30 %)Still in the ICU
n =1 (0 %)
Discharged from ICU 
n =631 (70 %)
Community Acquired Sepsis (CAS) 
n = 897 (22 %)
Dead in ward
n =72 (11 %)
Still in the ward
n =5 (1 %)
Discharged from hospital
n =554 (88 %)
Discharged from
hospital
n =554 (62 %)
Incomplete data
n  = 7 
age < 18 years
n  = 53 
Severe sepsis
N = 778 (87%)
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Page 5 of 11ever, time for simple interventions such as serum lactate
measurement, collection of blood cultures and adminis-
tration of antibiotics remained shorter, suggesting that
the easier the process the higher the penetration in clini-
cal practice - therefore the core bundle should be the very
first approach on-site to the severe septic patients.
The core bundle includes: stratification of sepsis
through serum lactate measurement, specimen collection
(including blood cultures) for microbiology followed by
broad-spectrum antibiotic administration and fluids and
vasopressors administration as needed to obtain a MAP
over 65 mmHg, simple actions that should be performed
immediately, and should prompt expert help in septic
shock.
Our low compliance with the bundle could also indicate
that doctors may not have been aware of the severity of
the sepsis at the time of presentation. In fact, patients that
had the core bundle completed in the first six hours were,
in some way, more successful in attracting earlier medical
attention, as both the time to specific interventions, such
as blood cultures and antibiotics, and the time to ICU
admission were significantly shorter among them. This
was most likely due to the fact that these patients were
more severely ill (Table 5) and therefore more prone to
receive medical attention earlier. The routine measure-
ment of serum lactate (as an early marker of tissue
hypoperfusion) at the initial clinical assessment of
patients with suspected infection could identify those
with cardiovascular dysfunction at an early phase before
overt clinical septic shock develops and at a time when
therapeutic interventions (six-hour bundle) would be
more effective.
The observed reduction in mortality was similar to that
described in other studies, which also introduced modifi-
cations to the currently recommended SSC six-hour bun-
dle [21-23], reinforcing the need to adapt SSC
recommendations to the local settings, gaining a signifi-
cant beneficial effect on severe sepsis mortality.
Number needed to treat
The NNT is defined as the number of patients who must
be treated to prevent one patient from experiencing the
adverse effects of the disease being studied [24]. The
magnitude of the NNT, six patients, in our study is simi-
lar to what has been found in other studies that compare
mortality in septic patients before and after the imple-
mentation of SSC bundles. Otero and colleagues [25]
review the impact of implementing early goal-directed
therapy in severe sepsis, in 12 centres, incorporating a
total of 1298 patients and reaching a NNT of 5. The 12
centres enrolled between 38 and 330 patients, and stud-
ied different parameters of the SSC bundles: early goal-
Table 1: General characterisation of the total number of admissions in the participating units
Type of 
hospital
Type of 
ICU
Number 
of beds
Total of ICU 
admissions n (%)
ICU LOS (median; 
IQR)
SAPS II (median; IQR) CAS patients n (%)
Unit 1 Community Medical 5 203 (5) 5 (2 - 9) 44 (33 - 60) 54 (27)
Unit 2 University Mixed 6 177 (4) 6 (3 - 14) 38 (29 - 53) 22 (12)
Unit 3 Community Mixed 6 253 (6) 4 (2 - 9) 37 (27 - 49) 76 (30)
Unit 4 Community Medical 6 237 (6) 6 (4 - 11) 43 (32 - 56) 52 (22)
Unit 5 University Mixed 5 124 (3) 5 (2 - 10) 45 (33 - 57) 22 (18)
Unit 6 Community Mixed 8 291 (7) 6 (3 - 12) 43 (34 - 53) 63 (22)
Unit 7 University Mixed 12 347 (8) 6 (3 - 12) 43 (32 - 52) 149 (43)
Unit 8 University Mixed 12 300 (7) 10 (4 - 18) 50 (39 - 63) 28 (9)
Unit 9 Community Mixed 11 331 (8) 3 (2 - 5) 37 (31 - 50) 0 (0)
Unit 10 University Mixed 20 494 (12) 10 (6 - 19) 43 (33 - 53) 106 (21)
Unit 11 Community Mixed 8 255 (6) 7 (4 - 13) 33 (24 - 43) 45 (18)
Unit 12 University Medical 8 272 (7) 6 (3 - 13) 41 (28 - 56) 79 (29)
Unit 13 Community Mixed 4 127 (3) 5 (3 - 11) 49 (33 - 58) 29 (23)
Unit 14 University Mixed 11 366 (9) 6 (4 - 12) 45 (34 - 60) 96 (26)
Unit 15 University Medical 8 166 (4) 7 (3 - 12) 48 (36 - 57) 41 (25)
Unit 16 Community Mixed 6 82 (2) 3 (2 - 9) 26 (18 - 40) 8 (10)
Unit 17 University Medical 14 117 (3) 10 (3 - 24) 53 (39 - 67) 27 (23)
TOTAL 17 150 4142 (100) 6 (3 - 13) 42 (31 - 55) 897 (22)
CAS, community-acquired sepsis; LOS, length of stay; IQR, interquartile range; SAPS, Simplified Acute Physiological Score.
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Table 2: General patient information
Severity of sepsis 28-days outcome
Total(n = 778) Severe sepsis 
(n = 341)
Septic shock 
(n = 437)
P value Death (n = 257) Alive (n = 521) P value
Age, mean (SD) 61 (17) 59 (18) 63 (16) 0.009# 64 (16) 60 (17) <0.001#
Gender, n (%)
Female 280 (36) 129 (38) 151 (35) 0.345* 80 (31) 200 (38) 0.047*
Male 498 (64) 212 (62) 286 (65) 177 (69) 321 (62)
SAPS II, mean 
(SD)
51 (19) 44 (15) 57 (19) <0.001# 62 (21) 46 (16) <0.001#
Diagnosis on 
admission, n (%)
Medical 634 (81) 289 (85) 345 (79) - 214 (83) 420 (81) -
Trauma 6 (1) 3 (1) 3 (1) 0 (0) 6 (1)
Surgical 138 (18) 49 (14) 89 (20) 43 (17) 95 (18)
Focus of 
infection, n (%)
Respiratory 458 (59) 227 (66) 231 (53) <0.001* 144 (56) 314 (60) 0.183*
Urinary 60 (8) 20 (6) 40 (9) 15 (6) 45 (9)
Intra-
abdominal
147 (19) 40 (12) 107 (24) 56 (22) 91 (17)
Other 113 (14) 54 (16) 59 (14) 42 (16) 71 (14)
Number of 
comorbidities, 
n (%)
0 369 (48) 150 (45) 219 (51) 0.212* 105 (41) 264 (51) 0.018*
1 207 (27) 93 (28) 114 (26) 73 (29) 134 (26)
>1 193 (25) 93 (28) 100 (23) 77 (30) 116 (23)
ICU length of 
stay, med (IQR)
9 (5-16) 8 (5-15) 10 (5-17) 0.483£ 6 (3-14) 10 (7-17) <0.001£
28-day 
mortality, n (%)
257 (33) 66 (19) 191 (44) <0.001*
Differences in the patient profile according to the severity of sepsis (severe sepsis and septic shock) and 28 days outcome (death or alive) are shown.
IQR, interquartile range; SAPS, Simplified Acute Physiological Score; SD, standard deviation.
# t-test; * Pearson chi-square test; £ Mann-Whitney Test.
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Page 7 of 11directed therapy (with invasive monitoring of CVP and
ScvO2) included control of focus of infection (particu-
larly early antibiotic administration) and even 24-hour
SSC bundle components (such as tight glucose control
and steroids in septic shock), making a comparison
between them difficult. In this review, the NNT varied
between 3 (implementation of early goal-directed therapy
[26]) and 11 patients (implementation of a multidisci-
plinary sepsis team, that besides early goal-directed ther-
apy provide control of focus of infection and glucose
control [27]).
Strengths
This is a multi-centre study on sepsis involving 41% of all
available Portuguese ICU beds that enrolled nearly 900
patients. These patients were quite homogeneous regard-
ing the primary diagnosis - only CAS patients were con-
sidered. It was performed over a one-year period
eliminating any bias related to seasonal variation.
Time 0 was clearly defined as the hospital arrival time,
eliminating the influence of individual physician's assess-
ment [22,23,28], making data more objective and compa-
rable between units. However, selecting hospital arrival
time instead of 'sepsis recognition time' may have biased
the results towards lower compliance.
In fact, time 0 has been the subject of great debate [29].
Some authors [22] consider time 0 as the moment when
the patient becomes hypotensive or when serum lactate is
4 mmol/L or higher, while others consider time 0 as the
moment of the diagnosis, regardless of how long the
patient has been in hospital [23]. The use of such differ-
ent definitions may markedly affect the assessment of
compliance to interventions, making comparison
between studies difficult. Moreover, and of more con-
cern, definitions considering time of diagnosis (of sepsis,
of hypotension, of high lactates level) as the starting point
may give doctors a false reassurance. Therefore, time 0
should be assumed as an operational criterion in the
patients' interest and, for community-acquired infection,
should preferably be defined as the time of hospital
admission.
Limitations
Our study included only patients that were admitted to
the ICU with CAS, and it could be that some patients in
the emergency department received early adequate anti-
Table 3: Odds ratio for 28-days mortality for each action of the bundle completed in patients with severe sepsis 
Odds ratio SIMPLE 
(95% CI)
P value Odds ratio ADJUSTED 
(95% CI)
P value
Individual actions of the core 
bundle
1) Serum lactate measured in 
the first six-hours
0.84 (0.61; 1.15) 0.272 0.74 (0.51; 1.06) 0.102
2) Fluids administered to 
achieve a MAP >65 mmHg
1.03 (0.73; 1.44) 0.870 0.95 (0.64; 1.41) 0.812
3) Specimens collected for 
microbiology before antibiotic 
therapy
0.80 (0.55; 1.15) 0.228 0.71 (0.47; 1.07) 0.101
4) Blood cultures done 0.57 (0.38; 0.84) 0.005 0.53 (0.34; 0.83) 0.005
5) Antibiotic therapy 
administered in the first hour 
after diagnosis
0.91 (0.67; 1.25) 0.561 0.85 (0.59; 1.21) 0.355
6) Vasopressors administered 
to achieve a MAP >65 mmHg
0.67 (0.42; 1.06) 0.089 0.51 (0.30; 0.88) 0.014
Actions, 1 to 6, completed
0 to 2 1.00 1.00
3 to 5 0.86
(0.62; 1.18)
0.601 0.73
(0.51; 1.05)
0.091
Fully completed 0.61
(0.36; 1.02)
0.061 0.44
(0.24; 0.80)
0.006
The odds ratio is presented for each action of the bundle as single and grouped and it is adjusted for severity of sepsis, SAPS II, number of 
comorbidities, type of hospital and type of ICU for patients with severe sepsis. These results are based on 778 patients with severe sepsis and 
septic shock on ICU admission.
CI, confidence interval; MAP, mean arterial pressure; SAPS, Simplified Acute Physiological Score.
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response and were therefore not included in the study,
creating a bias against the treatment. On the other hand
some patients could be compliant with the bundle just
because their severity was low and they did not need flu-
ids or vasoactive drugs to achieve the resuscitation end-
point, despite the adjustments this could be a bias
favoring the treatment.
Our patients were not randomised and so there is
always the possibility of unforeseen and unmeasured
biases that could affect the results. However, there are
ethical limitations to perform randomised trials examin-
ing the utility of some of the bundle actions. Therefore,
data from well-conducted prospective studies are best
suited to assess this question. Also, a number of key vari-
ables such as severity of disease and patient previous
health status were taken into consideration and used for
adjustment during the statistical analysis. What would be
possible are cluster-randomised studies examining the
effects of various approaches and intensity in implement-
ing the guidelines in comparable settings.
We did not control for differences in medical knowl-
edge about the management of severe sepsis patients.
The participation in this study was performed on a volun-
tary basis, so the doctors involved are probably the ones
with more interest in the field and more willing to be
updated.
Invasive monitoring, dependent on the placement of a
central venous catheter (CVC) in the first six-hours of
hospital admission, had a very low compliance among the
septic shock group. Therefore, it is not surprising that the
effect we found (adjusted OR = 0.41, P = 0.101) was not
statistically significant. The low compliance with moni-
toring of CVP and ScvO2 is probably dependent on the
need of specialised help for placing the central venous
line. In emergency departments where the patients are
seen mainly by undifferentiated doctors the clinical path-
way for severe sepsis should include calling for expert
help immediately, if serum lactate is high and/or if blood
pressure remains low after the first fluid bolus, to initiate
aggressive hemodynamic resuscitation.
Table 4: Odds ratio for 28-days mortality for each action of the bundle completed in patients with septic shock 
Odds ratio SIMPLE 
(95% CI)
P value Odds ratio ADJUSTED 
(95% CI)
P value
Individual actions of the bundle
1) Serum lactate measured in the 
first 6-hours
0.68 (0.46; 1.02) 0.064 0.64 (0.40; 1.03) 0.064
2) Fluids administered to achieve 
a MAP >65 mmHg
0.82 (0.52; 1.28) 0.383 1.01 (0.60; 1.70) 0.984
3) Specimens collected for 
microbiology before antibiotic 
started
0.61 (0.37; 0.98) 0.041 0.57 (0.33; 0.97) 0.037
4) Blood cultures done 0.52 (0.32; 0.84) 0.008 0.50 (0.29; 0.88) 0.016
5) Antibiotic therapy 
administered in the first hour 
after diagnosis
0.83 (0.56; 1.23) 0.356 0.77 (0.49; 1.21) 0.258
6) Vasopressores administered to 
achieve a MAP >65 mmHg
0.54 (0.30; 0.97) 0.038 0.52 (0.28; 0.99) 0.048
7) Was CVP measured? 0.62 (0.41; 0.94) 0.023 0.74 (0.47; 1.18) 0.207
8) SvcO2 measured? 0.85 (0.50; 1.46) 0.853 0.76 (0.40; 1.44) 0.396
9) Inotropes administered 0.98 (0.56; 1.70) 0.931 0.94 (0.49; 1.80) 0.848
Bundle
Bundle completed with actions 1) 
through 6) versus partial or non 
completed
0.51
(0.29; 0.90)
0.021 0.49
(0.25; 0.95)
0.036
Bundle completed with the 9 
actions versus partial or non 
completed
0.51
(0.21; 1.26)
0.146 0.41
(0.14; 1.19)
0.101
The odds ratio is presented for each variable as single and grouped and it is adjusted for SAPS II, number of comorbidities, type of hospital 
and type of ICU for patients with septic shock. These results are based on 437 patients with septic shock.
CI, confidence interval; CVP, central venous pressure; MAP, mean arterial pressure; SAPS, Simplified Acute Physiological Score; SvcO2, central 
venous oxygen saturation.
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Table 5: Comparison between the group of patients that completed actions 1 to 6 and the groups that did not
Total n = 778 0-2 Completed n = 288 3-5 Completed n = 396 Fully completed n = 94 P value
Age, mean (SD) 61 (17) 61 (17) 61 (17) 62 (16) 0.836#
SAPS II, mean (SD) 51 (19) 51 (19) 51 (18) 52 (19) 0.770#
Gender, n (%)
Female 280 (36) 102 (35) 148 (37) 30 (32) 0.592*
Male 498 (64) 186 (65) 248 (63) 64 (68)
Number of comorbidities, n (%)
0 369 (48) 153 (53) 175 (45) 41 (44) 0.180*
1 207 (27) 74 (26) 104 (27) 29 (30)
>1 193 (25) 61 (21) 108 (28) 24 (26)
Severity of sepsis, n (%)
Severe sepsis 341 (44) 154 (53) 156 (39) 31 (33) <0.001*
Septic shock 437 (56) 134 (47) 240 (61) 63 (67)
Type of hospital, n (%)
Community 289 (37) 132 (46) 126 (32) 31 (37) 0.001*
University 489 (63) 156 (54) 270 (68) 63 (67)
Type of ICU, n (%)
Medical 231 (30) 97 (34) 117 (30) 17 (18) 0.016
Mixed 547 (70) 191 (66) 279 (70) 77 (82)
ICU length of stay, median (IQR) 9 (5-16) 9 (5-15) 9 (5-16) 9 (6-17) 0.579£
Hospital admission-blood cultures 
(hours), median (IQR)
7 (2-23) 21 (9-40) 6 (2-18) 2 (1-3) <0.001£
Hospital admission-antibiotics 
administration (hours), median (IQR)
5 (2-13) 9 (4-19) 5 (2-11) 3 (2-4) <0.001£
Hospital-ICU admission (hours), 
median (IQR)
13 (4-38) 27 (2-54) 10 (3-30) 4 (2-11) <0.001£
28-day outcome, n (%)
Dead 257 (33) 104 (36) 129 (33) 24 (26) 0.064*
Alive 521 (67) 184 (64) 267 (67) 70 (74)
IQR, interquartile range; SAPS, Simplified Acute Physiological Score; SD, standard deviation.
# One-way analysis of variance test; *Pearson chi-square test; £ Kruskal Wallis test.
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Early sepsis recognition (eg. serum lactate measurement),
optimisation of oxygen delivery (eg. fluid resuscitation
and vasopressors) and infection treatment (eg. appropri-
ate antibiotics and infection control, preceded by blood
cultures) may result in a significant reduction in 28-day
mortality. Due to the potential preventive effect of the
core bundle completion on patient mortality, locally
driven organisational interventions are urgently needed,
along with a wide educational campaign to change behav-
iours - addressed to doctors and nurses working in the
emergency department, ICU and general medical and
surgical wards - if mortality is to be improved. The imple-
mentation of the severe sepsis clinical pathway should
include calling for expert help for every patient with car-
diovascular dysfunction to assure aggressive hemody-
namic resuscitation. Similarly, to the golden-hour
concept for trauma [30], acute myocardial infarction [31]
and stroke [32], we propose the sepsis six-hour 'golden
bundle' concept for early diagnosis and intervention as it
may be a golden approach to reduce mortality.
Key messages
• Prevalence of CAS among ICU admissions was 24%.
• In the first six hours of hospital admission compli-
ance with serum lactate measurement, fluids admin-
istration, specimens collection for microbiology
before antibiotic administration, blood cultures col-
lection, antibiotics administration within the first
hour of the diagnosis and vasopressors administra-
tion when needed, were associated with an OR for 28-
days mortality of 0.44 (95% CI = 0.24 to 0.80) in severe
sepsis patients.
• The magnitude of the NNT - six patients to save one
life - of these simple actions should prompt locally
driven organisational interventions if mortality is to
be improved. The implementation of a severe sepsis
clinical pathway should include calling for expert help
for every patient with cardiovascular dysfunction to
assure aggressive hemodynamic resuscitation.
Abbreviations
CAS: community-acquired sepsis; CI: confidence interval; CVP: central venous
pressure; NNT: number needed to treat; OR: odds ratio; SACiUCI: community-
acquired sepsis admitted to ICU; SAPS II: simplified acute physiological score;
ScvO2: central venous oxygen saturation; SOFA: sequential organ failure assess-
ment; SSC: surviving sepsis campaign.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
All authors have made substantial contribution on the conception, design and
acquisition of data and/or analysis and interpretation of data, as well as in the
drafting, revising and final approval of the version to be published.
Acknowledgements
We are indebted to Dr. Christian Brun-Buisson for the critical reading of the 
manuscript.
Supported, in part, by grants from ASSUCIP (Associação dos Amigos da Uni-
dade de Cuidados Intensivos Polivalente, Hospital de Santo António, Porto, Por-
tugal) and GIS (Grupo de Infecção e Sepsis, Hospital de São João, Porto, 
Portugal) as well as by unrestricted grants from Merck, Sharp & Dohme and Eli 
Lilly.
Sepsis Adquirida na Comunidade internada em Unidades de Cuidados Intensi-
vos (SACiUCI) (community-acquired sepsis admitted into intensive care) Study 
Group: Carlos Glória (Unidade de Cuidados Intensivos, Hospital do Barlavento 
Algarvio, Portimão); José Vaz (Unidade de Cuidados Intensivos, Hospital José 
Joaquim Fernandes, Beja); Henrique Bento (Unidade de Cuidados Intensivos, 
Hospital de Santa Maria, Lisboa);. Eduardo Silva (Unidade de Cuidados Intensi-
vos, Hospital do Desterro, Lisboa); Pedro Póvoa: (Unidade de Cuidados Intensi-
vos Médica, Hospital de São Francisco Xavier, Lisboa); Armindo Ramos 
(Unidade de Cuidados Intensivos Médica, Hospital Pulido Valente, Lisboa); Luís 
Reis (Unidade de Urgência Médica, Hospital de São José, Lisboa); Paulo Martins 
(Unidade de Cuidados Intensivos, Hospital Universitário de Coimbra); Paula 
Coutinho (Unidade de Cuidados Intensivos, Centro Hospitalar de Coimbra); 
Piedade Amaro (Unidade de Cuidados Intensivos, Hospital de São Sebastião, 
Santa Maria da Feira); Paula Castelões (Unidade de Cuidados Intensivos, Centro 
Hospitalar de Vila Nova de Gaia); Teresa Cardoso (Unidade de Cuidados Intensi-
vos Polivalente, Hospital Geral de Santo António, Porto); José Manuel Pereira 
(Unidade de Cuidados Intensivos Polivalente da Urgência, Hospital de São 
João, Porto); Filomena Faria (Unidade de Cuidados Intensivos, Instituto Portu-
guês de Oncologia Francisco Gentil do Porto); Luís Ribeiro (Unidade de Cuida-
dos Intensivos Médica, Hospital Pedro Hispano, Matosinhos); Anabela Bártolo 
(Unidade de Cuidados Intensivos, Hospital Nossa Senhora da Oliveira, 
Guimarães); Francisco Esteves (Unidade de Cuidados Intensivos, Centro Hospi-
talar de Vila Real e Peso da Régua).
Author Details
1Unidade de Cuidados Intensivos Polivalente - Hospital Geral de Santo António, 
University of Porto, Largo Prof. Abel Salazar, 4099-001 Porto, Portugal and 
2Department of Biostatistics and Medical Informatics, CINTESIS, Faculty of 
Medicine, University of Porto, Alameda Prof. Hernâni Monteiro, 4200-319 Porto, 
Portugal
References
1. Alberti C, Brun-Buisson C, Goodman S V, Guidici D, Granton J, Moreno R, 
Smithies M, Thomas O, Artigas A, Le Gall JR: Influence of systemic 
inflammatory response syndrome and sepsis on outcome of critically 
ill infected patients.  Am J Respir Crit Care Med 2003, 168:77-84.
2. Martin GS, Mannino DM, Eaton S, Moss M: The epidemiology of sepsis in 
the United States from 1979 through 2000.  New Engl J Med 2003, 
348:1546-1554.
3. Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke R, Reinhart 
K, Angus DC, Brun-Buisson C, Beale R, Calandra T, Dhainaut JF, Gerlach H, 
Harvey M, Marini JJ, Marshall J, Ranieri M, Ramsay G, Sevransky J, 
Thompson BT, Townsend S, Vender JS, Zimmerman JL, Vincent JL: 
Surviving Sepsis Campaign: international guidelines for management 
of severe sepsis and septic shock: 2008.  Crit Care Med 2008, 36:296-327.
4. Levy MM PP, Pronovost PJ, Dellinger RP, Townsend S, Resar RK, Clemmer 
TP, Ramsay G: Sepsis change bundles: converting guidelines into 
meaningful change in behaviour and clinical outcome.  Crit Care Med 
2004, 32:S595-597.
5. Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea-
Banacloche J, Keh D, Marshall JC, Parker MM, Ramsay G, Zimmerman JL, 
Vincent JL, Levy M: Surviving Sepsis Campaign guidelines for the 
management of severe sepsis and septic shock.  Crit Care Med 2004, 
32:858-873.
6. Dellinger RP, Vincent JL: The surviving sepsis campaign sepsis change 
bundles and clinical practice.  Crit Care 2005, 9:653-654.
7. Abraham E, Laterre P, Garg R, Levy H, Talwar D, Trzaskoma BL, François B, 
Guy JS, Bruckmann M, Rea-Neto A, Rossaint R, Perrotin D, Sablotzki A, 
Arkins N, Utterback BG, Macias WL: Drotrecogin Alfa (Activated) for 
Received: 16 October 2009 Revised: 4 February 2010 
Accepted: 10 May 2010 Published: 10 May 2010
This article is available from: http://ccforum.com/content/14/3/R83© 2010 Cardoso et al.; licensee BioMed Central Ltd. is an open ccess a ticle distributed u der the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Critical are 2010, 14:R83
Cardoso et al. Critical Care 2010, 14:R83
http://ccforum.com/content/14/3/R83
Page 11 of 11adults with severe sepsis and low risk of death.  New Engl J Med 2005, 
353:1332-1341.
8. The NICE-SUGAR Study Investigators: Intensive versus Consventional 
Glucose Control in Critically Ill Patients.  New Engl J Med 2009, 
360:1283-1297.
9. Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K, Weiss YG, 
Benbenishty J, Kalenka A, Forst H, Laterre PF, Reinhart K, Cuthbertson BH, 
Payen D, Briegel J: Hydrocortisone therapy for patients with septic 
shock.  New Engl J Med 2008, 358:111-124.
10. Póvoa P, Carneiro AH, Ribeiro OS, Pereira AC: Influence of vasopressor 
agent in septic shock mortality. Results from the Portuguese 
Community-Acquired Sepsis Study (SACiUCI study).  Crit Care Med 2009, 
37:410-416.
11. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, 
Opal SM, Vincent JL, Ramsay G: 2001 SCCM/ESICM/ACCP/ATS/SIS 
International Sepsis Definitions Conference.  Crit Care Med 2003, 
31:1250-1256.
12. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM: CDC definitions for 
nosocomial infections.  In APIC Infection Control and Applied 
Epidemiology: principles and practice Edited by: RN O. St. Louis: 
Mosby:A1-A20. 
13. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, 
Sibbald WJ: Definitions for sepsis and organ failure and guidelines for 
the use of innovative therapies in sepsis. The ACCP/SCCM Consensus 
Conference Committee. American College of Chest Physicians/Society 
of Critical Care Medicine.  Chest 1992, 101:1644-1655.
14. Le Gall JR, Lemeshow S, Saulnier F: A new Simplified Acute Physiology 
Score (SAPS II) based on a European/North American multicenter 
study.  JAMA 1993, 270:2957-2963.
15. Knaus WA, Draper EA, Wagner DP, Zimmerman JE: APACHE II: a severity 
of disease classification system.  Crit Care Med 1985, 13:818-829.
16. SIRS/SEPSIS   [http://epr.med.up.pt/sepsis/]
17. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, 
Reinhart CK, Suter PM, Thijs LG: The SOFA (Sepsis-related Organ Failure 
Assessment) score to describe organ dysfunction/failure. On behalf of 
the Working Group on Sepsis-Related Problems of the European 
Society of Intensive Care Medicine.  Intensive Care Med 1996, 22:707-710.
18. Bender R, Blettner M: Calculating the "number needed to be exposed" 
with adjustment for confounding variables in epidemiological studies.  
J Clin Epidemiol 2002, 55:525-530.
19. Vikman S AK, Tierala I, Peuhkurinen K, Majamaa-Voltti K, Niemela M, 
Tuunanen H, Nieminen MS, Niemela K: Improved adherence to practice 
guidelines yields better outcome in high-risk patients with acute 
coronary syndrome without ST elevation: findings from nationwide 
FINACS studies.  J Intern Med 2004, 256:316-323.
20. Wolff AM, Taylor SA, McCabe JF: Using checklists and reminders in 
clinical pathways to improve hospital inpatient care.  Med J Aust 2004, 
181:428-431.
21. Ferrer R, Artigas A, Levy MM, Blanco J, Gonzalez-Diaz G, Garnacho-
Montero J, Ibanez J, Palencia E, Quintana M, de la Torre-Prados MV: 
Improvement in process of care and outcome after a multicenter 
severe sepsis educational program in Spain.  JAMA 2008, 
299:2294-2303.
22. Nguyen HB, Corbett SW, Steele R, Banta J, Clark RT, Hayes SR, Edwards J, 
Cho TW, Wittlake WA: Implementation of a bundle of quality indicators 
for the early management of severe sepsis and septic shock is 
associated with decrease mortality.  Crit Care Med 2007, 35:1105-1112.
23. Gao F, Melody T, Daniels DF, Giles S, Fox S: The impact of compliance 
with 6-hour and 24-hour sepsis bundles on hospital mortality in 
patients with severe sepsis: a prospective observational study.  Crit 
Care 2005, 9:R764-770.
24. Heller RF, Dobson AJ: Disease impact number and population impact 
number: population perspectives to measures of risk and benefit.  BMJ 
2000, 321:950-953.
25. Otero RM, Nguyen HB, Huang DT, Gaieski DF, Goyal M, Gunnerson KJ, 
Trzeciak S, Sherwin R, Holthaus CV, Osborn T, Rivers EP: Early goal-direct 
therapy in severe sepsis an septic shock revisited: concepts, 
controversies, and contemporary findings.  Chest 2006, 130:1579-1595.
26. Gaieski D, McCoy J, Zeserson E, Goyal M: Mortality benefit after 
implementation of early goal directed therapy protocol for the 
treatment of severe sepsis and septic shock.  Ann Emerg Med 2005, 
46(suppl):4.
27. Shapiro NI, Howell MD, Talmor D, Lahey D, Ngo L, Buras J, Wolfe RE, Weiss 
JW, Lisbon A: Implementation and outcomes of Multiple Urgent Sepsis 
Therapies (MUST) protocol.  Crit Care Med 2006, 34:1025-1032.
28. Miguel-Yanes JM, Andueza Lillo JA, González-Ramallo VJ, Pastor L, Munoz 
J: Failure to implement evidence-based clinical guidelines for sepsis at 
the ED.  Am J Emerg Med 2006, 24:553-559.
29. Gao F: Will sepsis care bundles improve patient outcome?  Adv Sepsis 
2006, 5:94-96.
30. Gomes E, Araújo R, Carneiro A, Lecky FE, Costa-Pereira A: Mortality 
distribution in a trauma system: from data to health policy 
recommmendations.  Eur J Trauma Emerg Surg 2008, 34(6):561-569.
31. Boersma E, Maas AC, Deckers JW, Simoons ML: Early thrombolytic 
treatment in acute myocardial infarction: reappraisal of the golden-
hour.  Lancet 1996, 348:771-775.
32. Meschia JF, Miller DA, Brott TG: Thrombolytic treatment of acute 
ischemic stroke.  Mayo Clin Proc 2002, 77:542-551.
doi: 10.1186/cc9008
Cite this article as: Cardoso et al., Reducing mortality in severe sepsis with 
the implementation of a core 6-hour bundle: results from the Portuguese 
community-acquired sepsis study (SACiUCI study) Critical Care 2010, 14:R83
